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(57) A method and device for reducing the temper- 
ature of an optical fiber wherein a housing body is pro- 
vided a plurality of inner cooling chambers which are 
partitioned from each other by a plurality of partition 
walls. An axial through hole extends through each of the 
inner cooling chambers from an upper end of the hous- 
ing body to a lower end of the housing body for the axial 
passage of an optical fiber therethough. A plurality of 
gas -injection holes corresponding to the inner cooling 
chambers are provided in a side wall of the housing body 
for injecting gas into the inner cooling chambers. A plu- 
rality of coolant pipes through which a liquid coolant is 
circulated extend through each of the inner cooling 
chambers from the upper end to the lower end of the 
housing body. The coolant pipes are disposed between 
the gas injection holes and the axial through hole so that 
the gas which is injected into the inner cooling chambers 
via the gas injection holes is not blown directly against 
the fiber. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for reducing the temperature of an optical fib- 
er. In particular, the present invention relates to an op- 
tical fiber cooling apparatus comprising a plurality of 
separate inner cooling chambers through which a plu- 
rality of refrigerant tubes extend to form an enlarged 
heat exchange surface. 

BACKGROUND OF THE INVENTION 

[0002] When drawing an optical fiber at high speed, 
rapid cooling of the optical fiber is important to achieve 
a good coating application on the fiber and good optical 
quality of the fiber. In particular, if the temperature of the 
optical fiber is elevated during the coating application 
the coating diameter decreases, control of the coated 
fiber diameter decreases, and instability of the coating 
application increases (e.g.. loss of coating, lumps, neck- 
downs, etc.). Further, a high draw speed of the optical 
fiber is necessary to increase productivity and decrease 
production cost. 

[0003] In order to produce an optical fiber, an optical 
fiber base material is drawn while being heated by a fur- 
nace. The drawn optical fiber then is passed through a 
cooling device in order to reduce the temperature of the 
fiber before it is coated with a protective resin. However, 
the draw speed of the optical fiber is limited by the rate 
of cooling of the optical fiber. That is, as the draw speed 
of the optical fiber increases, the cooling capacity of the 
cooling device must also be increased since the tem- 
perature of the optical fiber is increased. 
[0004] Conventional cooling devices typically include 
a housing having an inner chamber containing a gase- 
ous medium (e.g., air or helium) which is utilized to cool 
an optical fiber as it transported through the chamber. 
Further, the housing may include pipes through which a 
liquid refrigerant flows. The pipes are used to cool the 
gaseous medium which fills the inner chamber of the 
cooling tube in order to remove heat from the optical fib- 
er. However, conventional cooling devices typically re- 
quire a large amount of heat transfer fluid and are very 
long thereby requiring a large amount of space on a 
draw tower. Further, the opening or hole in the conven- 
tional cooling devices through which the optical fiber 
passes is so small that vibrations in the fiber may cause 
the fiber to touch the sides of the heat transfer appara- 
tuses. 

[0005] U.S. Patent No. 5,568,728 discloses a filament 
cooler including an axial through hole which passes 
through a plurality of successive inner hemispherical 
wells or chambers. As shown in Figure 4. copper pipes 
14-17 are provided for carrying cooling water which re- 
duces the temperature of four strips 1 8-20 of aluminum 
which are bolted together around copper pipes to form 



housing body of the filament cooler. That is, the copper 
pipes 1 4-1 7 are disposed outside of hemispherical wells 
29 so that the walls of the hemispherical wells 29 are 
chilled rather than the helium gas directly. Helium gas 

5 is tangentially injected into and extracted from the 
spherical chambers to induce a cyclonic or swirling gas 
flow. However, the turbulent gas flow can cause the op- 
tical fiber to vibrate or become laterally displaced so that 
the optical fiber may contact the walls of the of the axial 

10 through hole through which the optical fiber passes 
thereby damaging the optical fiber. 
[0006] In view of the disadvantages of conventional 
cooling devices, it is an object of the present invention 
to provide an optical fiber cooling apparatus having a 

*5 large heat transfer surface with reduced heat transfer 
fluid consumption. 

[0007] It is yet another object of the present invention 
to provide an optical fiber cooling apparatus having a 
reduced risk of the optical fiber being damage by con- 
- 20 tacting the inner walls of the cooling apparatus. 

[0008] It is a further object of the present invention to 
provide an optical fiber cooling apparatus having a 
shorter length in order to save space on the draw tower 
and enable high draw speeds. 

25 

SUMMARY OF THE INVENTION 

[0009] The present invention is adapted to achieve 
the foregoing objects. In accomplishing these objects, 

30 the present invention provides an optical fiber cooling 
device comprising a plurality of inner chambers through 
which an optical fiber is sequentially transported. 
[0010] According to the present invention, there is 
provided a cooling device comprising a housing body 

35 having a plurality of inner cooling chambers which are 
partitioned from each other by a plurality of partition 
walls. An axial through hole extends through each of the 
inner cooling chambers from an upper end of the hous- 
ing body to a lower end of the housing body for the axial 

^0 passage of an optical fiber therethough. A plurality of 
gas injection holes corresponding to the inner cooling 
chambers are provided in a side wall of the housing body 
for injecting gas into the inner cooling chambers. A plu- 
rality of coolant pipes through which a liquid coolant is 

^5 circulated extend through each of the inner cooling 
chambers from the upper end to the lower end of the 
housing body. The coolant pipes are disposed between 
the gas injection holes and the axial through hole so that 
the gas which is injected into the inner cooling chambers 

50 via the gas injection holes is not blown directly against 
the fiber. In other words, the coolant pipes disrupt the 
flow of the gas as it is injected into the inner cooling 
chambers thereby preventing the gas blowing directly 
on the optical fiber. As a result, vibration of the optical 

55 fiber is preventing thereby allowing a smaller through 
hole to be utilized. 

[001 1 ] The above and other features of the invention 
including various and novel details of construction and 



;DOClD: <FP nftnsnnA? i ■> 

"1 



EP 1 180 500 A2 



process steps will now be more particularly described 
with reference to the accompanying drawings and point- 
ed out in the claims. It will be understood that the par- 
ticular apparatus and method for cooling an optical fiber 
embodying the invention is shown by way of illustration 
only and not as a limitation of the invention. The princi- 
ples and features of this invention may be employed in 
varied and numerous embodiments without departing 
from the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and other features, aspects and advan- 
tages of the present invention will become better under- 
stood with reference to the following detailed descrip- 
tion, appended claims } and accompanying drawings, 
wherein: 

Figure 1 illustrates a plan view of the fiber cooling 
apparatus of the present invention; 

Figure 2 illustrates a schematic view of fiber cooling 
apparatus of the present invention; and 

Figure 3 illustrates a section view of the fiber cooling 
apparatus on line A-A' in Figure 1 . 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0013] Referring to Figures 1 and 2, a drawn optical 
fiber 40 is vertically provided to a cooling device 1 0 com- 
prising two hingedly connected half shells 1 and 2 which 
are maintained in a closed position during an optical fib- 
er cooling operation. In the closed position, the half 
shells form a housing body 20 having a series of three 
inner cooling chambers 22, 24 and 26, an upper end 
portion 18, a lower end portion 19 and a plurality of side 
walls 1 7. An axial through hole 1 5 extends from the up- 
per end portion 18 of the housing body 20 wherein an 
optical fiber 40 enters the cooling tube, to the lower end 
portion 19 of the housing body 20 wherein the optical 
fiber 40 exits the cooling tube. From the upper end por- 
tion 18 of the housing body 20, the axial through hole 
1 5 leads to the first inner cooling chamber 22 of the se- 
. ries of three inner cooling chambers 22, 24 and 26. The 
inner cooling chambers 22, 24 and 26 are separated 
from each other by separating walls 12 formed from an 
insulating material (e.g., Teflon). Each of the separating 
walls 12 are provided with a central opening 30 corre- 
sponding to the axial through hole 15 thereby allowing 
the optical fiber 40 to be sequentially transported 
through each of the inner cooling chambers 22, 24 and 
26. 

[0014] Each of the inner cooling chambers is filled 
witrra gaseous medium which injected though gas in- 
jection holes 50 corresponding to each of the inner cool- 
ing chambers 22, 24 and 26. In the preferred embodi- 



ment, helium is utilized as the gaseous medium be- 
cause of its high heat transfer coefficient although air or 
other types of gas may be utilized. Prior to injection 
through the gas injection holes 50 into the inner cooling 
5 chambers 22, 24 and 26, the helium gas may be cooled 
to a predetermined temperature. 
[0015] Referring to Figures 1 and 3, the helium gas 
inside of the inner cooling chambers 22, 24 and 26 is 
cooled by twenty two copper pipes 16 (i.e., eleven pipes 
10 16 in each of the two half shells 1 and 2 forming the 
housing body 20) through which a cooling liquid is cir- 
culated by coolant lines 4. That is, the helium gas trans- 
fers thermal energy from the optical fiber 40 to the outer 
walls of the copper pipes 16. Although the preferred em- 
15 bodiment utilizes twenty two copper pipes, any number 
of copper pipes 1 6 may be employed with the goal max- 
imizing cooling effect (i.e., providing maximum number 
of the number copper pipes 16 in the space available 
inside of the inner cooling chambers 22, 24 and 26). The 
20 copper tubes 16 are installed inside the housing body 
20 and extend from the upper end 1 8 to the lower end 
19 of the housing body 20 so that they run the full height 
of the cooling device 10. In the preferred embodiment, 
a refrigerant mixture of water and Ethylene Glycol at a 
25 ratio of 1 :1 is circulated through the copper pipes 1 6 to 
remove heat from the helium gas. Prior to entering the 
cooling device 10, the mixture of water and Ethylene 
Glycol is chilled to a predetermined temperature, zero 
degrees Celsius in the preferred embodiment, by a re- 
30 frigerant cooling unit (not shown) which circulates the 
refrigerant mixture through the cooper pipes 1 6. By uti- 
lizing a large number of copper pipes 16 (e.g., twenty 
two), an enlarged heat exchange surface is provided. 
The low temperature of the refrigerant mixture circulated 
35 through the copper pipes 1 6 combined with greater sur- 
face exchange provided by the large number of copper 
pipes 1 6 results in a lower consumption of transfer fluid 
(refrigerant) as compared with conventional cooling de- 
vices. The separating walls 12 provide structural stabil- 
^0 ity to the copper tubes 16 by maintaining the straight- 
ness of the copper tubes 16 throughout the length of the 
housing body 20. 

[0016] As shown in Figures 1 and 3, the copper pipes 
16 are positioned between the gas injection holes 50 

4 5 through which the helium gas is injected into each of the 
inner chambers 22, .24, and 26 and the axial through 
hole 1 5 through which the optical fiber 40 passes. More 
particularly, the pipes 16 are positioned so that a line 
cannot extend from the injection holes 50 to the axial 

50 through hole 1 5. Therefore, the gaseous medium is pre- 
ventedfrom being blown directly against the optical fiber 
40 as it passes through the inner cooling chambers 22, 
24 and 26. As a result, vibration of the optical fiber 40 
is greatly reduced thereby permitting the diameter of the 

55 axial through hole 1 5 to be reduced in size as compared 
to conventional cooling devices. Further, the smaller 
size of the axial through hole 15 allows the helium gas 
surrounding the optica! fiber 40 to be stripped away as 
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the optical fiber 40 passes through the separating walls 
12 between the inner cooling chambers 22, 24 and 26 
thereby maximizing the cooling efficiency per unit con- 
sumption of coolant gas. 

[0017] In the preferred embodiment, the side walls 17 5 
of the housing body are made of aluminum while the 
upper and lower end portions 18 and 19 are made of 
brass. Insulating plates 14 are disposed between the 
side walls of the housing body and the upper and lower 
end portions 1 8 and 1 9 of the housing body 20. Together 10 
with the insulated separating walls 12, the insulating 
plates 1 4 help preventcondensation from forming on the 
outer surface of the housing body 20 by preventing di- 
rect contact between the cool parts and the frame (i.e., 
the side walls 1 7 and the upper and lower end portions 15 
1 8 and 1 9) the of the cooling device 1 0. Further, insula- 
tion (not shown), e.g., insulating tape, may be provided 
the outer surface of the side walls 1 7 and the upper and 
lower end portions 18 and 19 of the cooling device 10 
to prevent the formation of condensation. Accordingly, 20 
water is prevented from dripping down onto the optical 
fiber 40 as it is passed through the cooling device 10. 
[0018] In operation, the helium gas is simultaneously 
injected into each of the inner cooling chambers 22, 24 
and 26 via the gas injections holes 50 while the coolant 25 
liquid is circulated through the copper pipes 16 to cool 
the helium gas. The optical fiber 40 drawn from an op- 
tical fiber preform (not shown) enters the cooling device 
1 0 via the axial through hole 1 5 at the upper end 1 8 of 
the housing body 20. As the optical fiber 40 is transport- 30 
ed through thefirst inner cooling chamber22, the helium 
gas in the first inner cooling chamber 22 absorbs heat 
from the optical fiber 40 thereby reducing the tempera- 
ture of the optical fiber 40. In other words, heat is ex- 
tracted from the optical fiber 40 to the copper pipes 1 6 35 
by the helium gas injected into the inner cooling cham- 
bers 22, 24 and 26. As the optical fiber passes through 
the separating wall 12 into the second inner cooling 
chamber, the helium gas surrounding the optical fiber 
40 is stripped away resulting in greater heat exchange. 40 
Similarly, the helium gas in the second and third inner 
cooling chambers 24 and 26 absorbs heat from the op- 
tical fiber 40 as it passed through the second and third 
inner cooling chambers 24 and 26. Because the optical 
fiber 40 is seq uentially cooled as it passes through each 45 
of the Inner cooling chambers 22, 24 and 26, it follows 
that the helium gas in the first inner cooling chamber 22 
will be warmer than the helium gas in the second inner 
cooling chamber 24 since the temperature of the optical 
fiber 40 is reduced by the first inner cooling chamber 22 so 
prior to entering the second inner cooling chamber 24. 
Similarly, the helium gas in the second inner cooling 
chamber 24 will be warmer than the helium gas in the 
third inner cooling chamber 26 since the temperature of 
the optical fiber 40 is reduced by the first and second 55 
inner cooling chambers 22 and 24 prior to entering the 
third inner cooling chamber 26. In other words, the since 
the optical fiber is warmest when it enters the first cool- 



ing chamber 22, the helium gas in the first inner cooling 
chamber 22 will absorb more heat than the helium gas 
in the second inner cooling chamber 24. As a result, the 
temperature of the optical fiber 40 is sequentially re- 
duced as it passed through each of the inner cooling 
chambers 22, 24 and 26. 

[0019] In order to initiate the cooling operation of the 
optical fiber 40 using the cooling device 10, it is neces- 
sary to properly align the axial through hole 15 of the 
housing body 20 with optical fiber prior to closing the 
two half shells 1 and 2 which form the housing body 20. 
Initially, the draw speed of the optical fiber 40 is in- 
creased to a predetermined speed at which point one of 
the half shells 1 of the cooling device 10 is closed and 
the portion of the closed half shell 1 corresponding to 
the axial through hole 1 5 is aligned with the optical fiber. 
Next, the draw speed and the tension of the optical fiber 
is increased. It should be noted that the draw speed and 
the tension of the optical fiber 40 have a linear relation 
wherein as the draw speed increases the tension also 
increases. When the draw speed reaches a second pre- 
determined level, the other half shell 2 is closed. By wait- 
ing for the draw speed of optical fiber 40 to reach the 
second predetermined level, it is possible to ensure that 
the optical fiber 40 is under proper tension in order to 
maintain the straightness of the optical fiber 40 and pre- 
vent vibration. The helium gas is then injected through 
the gas injection holes 50 into each of the inner cooling 
chambers 22, 24 and 26 and the cooling liquid is circu- 
lated through the copper tubes 16 to begin the cooling 
operation. 

[0020] Although certain preferred embodiments of the 
present invention have been described, the spirit and 
scope of the invention is by no means restricted to what 
is described above. For example, although the preferred . 
embodiment as been described with reference to a 
housing body having three inner cooling chambers, ad- 
ditional ch ambers may be employed by adding addition- 
al partition walls inside the housing body. Further, the 
cooling apparatus and method of the present invention 
may be employed on a coated or uncoated optical fiber. 



Claims 

1 . An apparatus for cooling an optical fiber comprising: 

an housing body comprising a plurality of inner 
cooling chambers, a plurality of gas injection 
holes through which gas is injected into e"ach 
of the inner cooling chambers, and an axial 
through hole forthe axial passage therethrough 
of an optical fiber to be cooled, said axial 
through hole extending through each of the in- 
ner cooling chambers; and 

a plurality of coolant pipes through which a liq- 
uid coolant flows to remove heat from said inner 
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cooling chambers, said coolant pipes extend- 
ing through each of said inner cooling cham- 
bers and being disposed between said gas in- 
jection holes and said axial through hole so that 
the gas which injected into the inner cooling 
chambers through the gas injection holes is not 
blown directly on said optical fiber 

An apparatus for cooling an optical fiber as claimed 
in claim 1 , wherein said housing body further com- 
prises a plurality of partition walls interposed be- 
tween adjacent ones of said inner cooling chambers 
to separate said adjacent ones of said inner cooling 
chambers from each other said axial through hole 
and said coolant pipes passing through each of said 
partition walls. 
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. An apparatus for cooling an optical fiber as claimed 
in claim 1, wherein said housing body comprises 
two hingedly connected half shells wh ich are closed 20 
together to form said housing body. 

An apparatus for cooling an optical fiber as claimed 
in claim 2, wherein said plate walls are formed of an 
insulating material. 25 

An apparatus as claimed in claim 1 , wherein said 
liquid coolant which flows through said coolant 
pipes comprises a mixture of water and Ethylene 
Glycol. ' 3Q 

An apparatus for cooling an optical fiber as claimed 
in claim 1 , wherein said mixture of water and Ethyl- 
ene Glycol is chilled to a temperature of zero de- 
grees Celsius. 35 

An apparatus for cooling an optical fiber as claimed 
in claim 1 : wherein said gas which is injected 
through said gas injection holes into each of said 
inner cooling chambers is helium. 40 
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An apparatus as claimed in claim 1 , wherein said 
housing body comprises a plurality of side walls in 
which said gas injection holes are disposed, an up-' 
per end portion through which said optical fiber is 45 
introduced to said axial through hole : a lower end 
portion through which said optical fiber exits said 
axial through., and a plurality of insulating plates dis- 13 
posed between the side walls and the upper and 
lower end portions. 50 

An apparatus for cooling an optical fiber as claimed 
in claim 8, wherein outer surfaces of the side walls 
and the upper and lower end portions of the housing 
body are covered with an insulating material. 55 



an housing body comprising a plurality of inner 
cooling chambers, a plurality of gas injection 
holes through which gas is injected into each 
of the inner cooling chambers, and an axial 
through hole for the axial passage therethrough 
of an optical fiber to be cooled, said axial 
through hole extending through each of the in- 
ner cooling chambers; and 

a plurality of coolant pipes through which a liq- 
uid coolant flows to remove heat from said inner 
cooling chambers, said coolant pipes extend- 
ing through each of said inner cooling cham- 
bers and being disposed between said gas in- 
jection holes and said axial through hole so that 
the flow of the gas injected into the inner cooling 
chambers through the gas injection holes is dis- 
rupted by the coolant pipes to prevent the gas 
from being blown directly on the optical fiber. 

An apparatus for cooling an optical fiber as claimed 
in claim 10, wherein said housing body further com- 
prises a plurality of partition walls interposed be- 
tween adjacent ones of said inner cooling chambers 
to separate said adjacent ones of said inner cooling 
chambers from each other, said axial through hole 
and said coolant pipes passing through each of said 
partition walls. 



12. A method for cooling an optical fiber using a cooling 
apparatus comprising a housing body having a plu- 
rality of inner cooling chambers, an axial through 
hole extending through each of the inner cooling 
chambers for the axial passage of the optical fiber, 
a plurality of gas injection holes, and a plurality of 
pipes extending through each of said inner cooling 
chambers for the through flow of a liquid coolant, 
the method comprising sequentially transporting 
the optical fiber through each of said inner cham- 
bers via the axial through hole while injecting gas 
into said chambers, wherein the pipes are disposed 
between the gas injection holes and the axial 
through hole so that the gas which is injected into 
the inner cooling chambers via the gas injection 
holes is blown against the pipes and not directly on 
the optical fiber. 



A method of cooling an optical fiber as claimed in 
claim 12, further comprising circulating the liquid 
coolant through said pipes, wherein the gas trans- 
fers thermal energy from said optical fiber to said 
pipes to reduce the temperature of said optical fiber. 



1 0. An apparatus for cooling an optical fiber comprising: 
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